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Abstract. Aluminum matrix composites containing 3, 6, 9, 12 and15% BN has been fabricated 
by conventional microwave sintering at 550 
and BN powders is observed after sintering under Ar shroud. XRD, SEM (Scanning Electron 
Microscope), mechanical testing and measurements were employed to characterize the properties 
of Al + BN composite. Experimental results suggest that the best properties as hardness 42, 
62 HV were obtained for Al+12% BN composite. 
 




Al matrix composites produced by powder metallurgy (PM) have been receiving 
more attention than conventional melting-casting methods in aerospace, military and car 
industries, due to the improved physical, chemical and mechanical properties (Harding, 
M.D et al., 2015). Boron nitride (BN) is a synthetically refractory material, which is 
widely applied due to its fascinating physical and chemical properties (Guo et al., 2005; 
Zhang et al., 2005; Yang et al., 2005). It has key properties such as high thermal 
conductivity, low thermal expansion, good, high electrical resistance, low dielectric 
constant, nontoxic, easily machined-nonabrasive and lubricious (Chen et al., 2004; Chen 
et al., 2005; Lin et al., 2007). Hexagonal boron nitride, either in its pure form or as a 
composite, is an extremely suitable material for special applications at high 
temperatures. Gas seals for oxygen sensors, parts for high-temperature furnaces 
(Kalaiselvan et al., 2011). Metals are very useful in making different components and 
their properties can be improved by adding reinforcement like B4C and BN e.t.c. 
Aluminium matrix composites (AMCs) are the competent material in the industrial 
world (Yuan et al., 2009). These composite materials also offer outstanding properties 
such as high strength to- weight ratio, good corrosion resistance and versatility to the 
designer. Two major processing techniques that have been found suitable for these 
composites are powder metallurgy and solidification processing (Yang et al., 2003). The 
hardness is affected not only by the uniformity of distribution of particles in the matrix 
but also by the strength of the particle-matrix boundary and the mechanical properties of 
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the matrix (Maiti et al., 2008). Various reinforcement particles such as boron carbide 
(B4C), titanium carbide (TiC), have been incorporated in aluminum matrix composites 
by direct melt reaction or by a combined method of self-propagating reaction and 
casting, ball-milling and reactive sintering and hot extrusion, cold isostatic press and hot 
extrusion, wet milling, cold isostatic pressing and hot extrusion (Chawla et al., 1987;  
Li et al., 2007). 
The metal matrix composites derive good demand for their use in automobile and 
aerospace applications (Kennedy et al., 2001). However, the application of these 
materials is often limited by their poor ductility which is generally associated with in 
homogeneous size and distribution of the reinforcing particles (Kennedy et al., 2001). 
BN particles have not good wettability in liquid aluminium and strong interfacial 
bonding with Aluminium matrix even though inmate metal- ceramic contact is not too 
easily achieved in composites fabricated from metal powders Albitera et al., 2003; 
Karantzalis et al., 2009). 
In the present work, Composites work Al-%3BN, Al-%6BN, Al-%9BN.  
Al-%12BN and Al-%15BN were fabricated, microstructure were characterized and 
mechanical properties such as hardness and density were studied. It was observed that 
the best properties as hardness 42, 65 HV were obtained for Al+12% BN composite. 
 
MATERIALS AND METHODS 
 
Starting powders employed in this study were as follows: the purity of 99.8% for 
Al powders with a particle size lower than 70 
powders a particle size lower than 75  The composition of -%3BN, Al-%6BN,  
Al-%9BN. Al-%12BN and Al-%15BN, powders specimens were prepared in 10g square 
prism compressed pre-form. They were mixed homogenously for 24 hours in a mixer 
following the weighing. The mixture was shaped by single axis cold hydraulic pressing 
using high strength steel die. A pressure of 200 Bar was used for the compacting all the 
powder mixtures. The cold pressed samples underwent for a sintering at 550 
hours in a traditional tube furnace using Argon gas atmosphere. The specimens were 
cooled in the furnace after sintering and their micro hardness and shear strengths 
measurements were carried out using METTEST-HT (Vickers) micro hardness tester 
machine, respectively. 
LEO 1430 VP model Scanning Electron Microscope fitted with Oxford EDX 
analyzer was used for micro structural and EDX compositional analysis. 
The volumetric changes of -%3BN, Al-%6BN, Al-%9BN. Al-%12BN and  
Al-%15BN, composites material after sintering were calculated by using (d = m/V) 
formula (Fig. 1). The volume of post-sintered samples was measured with Archimedes 
principle. All the percentages and ratios are given in weight percent unless stated 
otherwise. 
 
Experimental Results and Discussion 
Characterization of specimens 
In the study, the samples prepared and shape were sintered at 550  in 
conventional furnace and made ready for physical, mechanical and metallographic 
analyses. Density-composition change curve is shown in Fig. 1. The highest sintered 




Figure 1. The density change with respect to composition at 550  
 
The micro hardness-temperature change diagram is shown in Fig. 2. The micro 
hardness values of the composite samples produced using conventional sintering 
technique within the temperature at 550 . According to this, the highest microhardness 
value in the composite samples fabricated using powder metallurgy method was 








The SEM analysis result of the metal matrix composite specimen obtained from 
Al-%3BN powders sintered at 550  is shown in Fig. 3. Grain growth is observed and 
a homogeneous structure and grain boundaries can be seen that the pores very smaller. 



























































Figure 3. SEM view of Al-%3BN composite 550 . 
 
The SEM analysis result of the metal matrix composite specimen obtained from 
Al-%15BN powders sintered at 550  is shown in Fig. 4. grain growth is observed. It 
is not a homogeneous structure and grain boundaries can be seen that the very pores. 




Figure 4. SEM view of Al-%15BN composite 550 . 
 
The Al and BN phases, which was the main addition in the composite, has evidently 
the highest peak intensity over the other phases present in the XRD analysis in the  
Al-%3BN composites. Fig. 5 which shows the presence of Al and BN phases in the 





Figure 5. Present the XRD analysis results of Al-%3BN composites at 550  
 
Fig. 6 present the XRD analysis results of Al-%15BN composites at 550 
Al and BN phases, which was the main addition in the composite, has evidently the 
highest peak intensity over the other phases present in the XRD analysis in the  
Al-%15BN composites. Fig. 4 which shows the presence of Al and BN phases in the 




Figure 6. Present the XRD analysis results of Al-%15BN composites at 550  
 
RESULTS AND DISCUSSION 
 
The following results were concluded from the experimental findings 
 The highest density in composite made from Al-%3BN, Al-%6BN, Al-%9BN,  
Al-%12BN and Al-
as 550  cm-3 at 550  
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 The highest micro hardness in Al-%12BN composite samples fabricated using 
powder metallurgy method was found as 42.65HV at 550  
 It was also found out for composition Al-%12BN at 550 
properties. As the composition ratio of BN in aluminium increases, the porosity 
increases. A decrease in hardness was observed due to porosity. 
 
ACKNOWLEDGEMENTS. This research was supported by the University of Afyon Kocatepe 





Albitera, A., Contrerasa, A., Bedollab, E. & Pereza, R. 2003. Structural and chemical 
characterization of precipitates in Al-2024/TiC composites. Compos. Part A 34, 17 24. 
Chen, L.Y., Huang, M.X., Luo, T., Gu, Y.L., Shi, L., Yang, Z.H. & Qian, Y.T., 2004. Mater. 
Lett. 58, 3634 3636. 
Chen, L.Y., Gu, Y.L., Li, Z.F., Qian, Y.T., Yang, Z.H. & Ma, J.H. 2005. J. Cryst. Growth 273, 
646 650. 
Guo, Q.X., Xie, Y., Yi, C.Q, L. Zhu, P. Gao, J. 2005. Solid State Chem. 178, 1925 19281.  
Harding, M.D., Donaldson, I.W., Hexemer, R.L. Jr., Gharghouri, M.A., Bishop, D.P. 2015. 
Characterization of the microstructure, mechanical properties, and shot peening, response 
of an industry processed Al Zn Mg Cu PM alloy, J. Mater. Process. Technol. 221, 31 39. 
Jens Eichler, E. & Christoph Lesniak, C. Boron nitride (BN) and BN composites for high-
temperature applications. Journal of the European Ceramic Society 28, 1105 1109. 
Kalaiselvan, K., Murugan, N., Parameswaran, S. 2007. Production and characterization of 
AA6061 B4C stir cast composite. Materials and Design 32, (2011) 4004 4009. 
Karantzalis, A.E., Lekatou, A.E., Poulas, G.V. & Mavros, H. 2009. Microstructural observations 
in a cast Al-Si- Cu/TiC composite. J. Mater. Eng. Perform. 19, 585 590. 
Kennedy, A.R. & Wyatt, S.M. 2001. Characterising particle matrix interfacial bonding 
in particulate Al TiC MMCs produced by different methods. Compos. Part A 32, 555 559. 
Li, G., Zhao, Y., Dai, Q., Zhang, H. & Wang, H. 2007. In-situ Fabrication of Particulate 
Reinforced Aluminum Matrix Composites under High-frequency Pulsed Electromagnetic 
Field. Journal of University of Science and Technology Beijing, Mineral, Metallurgy, 
Materia 14(5), 460 463. 
Lin, L.X., Y. Zheng, Y. & Wei, K.M. 2007. Facile synthesis of hexagonal boron nitride fibres 
and flowers. Mater. Lett. 61, 1735 1737. 
Maiti, R. & Chakraborty, M. 2008. Synthesis and Characterization of Molybdenum Aluminide 
Nanoparticles Reinforced Aluminium Matrix Composites. Journal of Alloys and 
Compounds 458(1 2), 450 456. 
Nukami T. 2004. The growth of TiC particles in an Al matrix. J. Mater. Sci. Lett. 17, 267 269. 
Yang, H.S., Iwamoto, C., Yoshid T.A. 2005. Thin Solid Films 483 (2005) 218 221. 
Yang, Q., Senda, T., Ohmori A. 2003. Effect of carbide grain size on microstructure and sliding 
wear behavior of HVOF-sprayed WC 12% Co coatings, Wear 254, 23 34. 
Yuan, Q., Zheng, Y. & Yu, H. 2009. Mechanism of synthesizing nanocrystalline TiC in different 
milling atmosphere. J. Refractory Metals & Hard Materials 27, 696 700. 
Xialiang Shi, Sheng Wang, Hua Yang, Xinglong Duan, Xuebin Dong, 2008. Fabrication and 
characterization of hexagonal boron nitride powder by spray drying and calcining  nitriding 
technology. Journal of Solid State Chemistry 181, 2274 2278. 
Zhang X.W., Boyen H.G., Yin H., Ziemann P., Banhart F. 2005. Diam. Relat. Mater. 14,  
1474 1481. 
